/L was uncommon (7%, 7%, and 4%, respectively). Remission occurred in 37% of patients between 28 days and 6 months, 16% between 6 and 12 months, and 24% between 12 and 24 months. There were no reports of intracranial hemorrhage, and the most common site of bleeding was skin. In patients with severe thrombocytopenia we observed a trend toward more drug treatment with increasing number of bleeding sites. Our data support that ITP is a benign condition for most affected children and that major hemorrhage, even with prolonged severe thrombocytopenia, is rare. (Blood. 2013;121(22):4457-4462) 
Introduction
Immune thrombocytopenia (ITP) during childhood is usually characterized by acute onset of thrombocytopenia with ;75% of children having disease resolution within 6 months. Most children experience only mild bleeding in the form of bruising and petechiae. The risk of severe hemorrhage is related to duration of marked thrombocytopenia and is highly variable. Long-term outcome of children with chronic ITP is primarily defined by retrospective series. [1] [2] [3] [4] As a group, these studies show that many children achieve spontaneous remission beyond 6 months, with severe thrombocytopenia being uncommon and serious bleeding rare even in children with persistent disease. The Intercontinental Cooperative ITP Study Group (ICIS) published a large prospective registry of children with ITP with rates of chronic ITP, then defined as a platelet count ,150 3 10 9 /L at 6 months, ranging from 23% to 47% depending on age, with an additional 25% of children subsequently achieving a normal platelet count between 6 and 12 months. 5, 6 Data beyond 12 months and information regarding bleeding events, however, were not reported.
ICIS Registry II was designed to obtain prospective data on children diagnosed with ITP regarding timing, location, and severity of hemorrhage at diagnosis and during the subsequent course of the disease. The analysis of hemorrhage at diagnosis and during the subsequent 28 days was previously reported. 7 This new analysis describes follow-up ICIS Registry II data at 6, 12, and 24 months following ITP diagnosis with a focus on natural history, bleeding manifestations, and clinical management.
Materials and methods
ICIS Registry II was a prospective cohort study designed to enroll consecutive patients with ITP at each participating center. Children eligible for enrollment were older than 4 months and younger than 20 years of age with newly diagnosed ITP based upon standard criteria at the time (platelet count of ,150 3 10 9 /L), 8, 9 and under the care of an ICIS investigator who agreed to submit data to the ICIS coordinating office in Basel, Switzerland. Each The publication costs of this article were defrayed in part by page charge payment. Therefore, and solely to indicate this fact, this article is hereby marked "advertisement" in accordance with 18 USC section 1734. personal use only.
For at Bibliotheque Faculté de Medecine Geneve on February 19, 2014. bloodjournal.hematologylibrary.org From participating center was required to document approval of the study by its institutional review board and written informed consent from the parents of participating patients in accordance with the Declaration of Helsinki. Medical management of the child was at the discretion of the investigator and not defined by the study protocol. Patients enrolled in the registry between January 2001 and December 2007 were included in this analysis and were not enrolled in prior or subsequent ICIS registries.
Data were collected from the medical records at the participating center and submitted to the ICIS coordinating office. Information including demographics, diagnostic platelet count, initial therapy, sites of bleeding, and the severity of bleeding using the scale of Bolton-Maggs and Moon 10, 11 was reported. Follow-up data collected at 28 days, and 6, 12, and 24 months, following diagnosis included platelet count, medical management since the last visit, hospitalization, death related to ITP, and any change in the patient's diagnosis. Bleeding severity was retrospectively assessed at 28 days following diagnosis using the severity scale of Bolton-Maggs and Moon. 10, 11 Beyond 28 days, bleeding manifestations were retrospectively recorded at 6, 12, and 24 months by describing all sites of bleeding since the last research visit, specifically skin, mouth, menorrhagia, gross hematuria, epistaxis, gastrointestinal, intracranial, and other. For this analysis, bleeding severity was based on the number of bleeding sites, presuming that patients with a greater number of bleeding sites had more severe bleeding.
For the purpose of analysis, remission was defined as a platelet count greater than the threshold (either >150 3 10 9 /L or >100 3 10 9 /L) on all subsequent follow-up visits in the absence of prior splenectomy. For natural history data, to account for any bias regarding missing data or patients lost to follow-up, we included only the 343 patients who had platelet counts recorded at all study visits. The remainder of the reported data represents all enrolled patients.
The majority of the results are descriptive. Nonparametric testing was performed to compare the relationship between platelet count and number of bleeding sites at 6, 12, and 24 months independently. A test for linear trend was performed to determine trends in likelihood of treatment based on number of bleeding sites at different platelet thresholds. An a level of 0.05 was used.
Results
There were 1345 subjects enrolled on ICIS Registry II between January 1, 2001 and December 31, 2007 by 74 pediatric hematology investigators from 22 different countries. At time of this analysis, all patients had completed the 24-month follow-up period. Figure 1 outlines patient enrollment and follow-up. Included in this analysis are 1106 subjects previously described. 7 A total of 106 patients 9 /L at diagnosis, and 40 with a recorded change in diagnosis from primary ITP). In the remaining 1239 patients, the mean age was 5.9 years (SD 4.5), and approximately half were male (51.7%). At diagnosis, 388 patients (31.3%) received no drug therapy, 311 (25.1%) intravenous immunoglobulin (IVIG) only, 285 (23%) steroids only, and 83 (6.7%) anti-D only. An additional 172 children (13.9%) received other therapy or combination therapy with the agents listed above.
There were 854 (69%), 715 (58%), and 400 (32%) patients with complete data available for analysis at 6, 12, and 24 months, 343 of whom had platelet counts recorded at 28 days, 6 months, 12 months, and 24 months.
Natural history
There were no ITP-related deaths. Median and interquartile range (IQR) of platelet counts were 214 3 10 9 /L (IQR 227, range 1-748), 211 3 10 9 /L (IQR 192, range 1-594), and 215 3 10 9 /L (IQR 198, range 1-598) at 6, 12, and 24 months, respectively. Distribution of platelet counts at diagnosis, 28 days, 6, 12, and 24 months are shown in Figure 2 . Approximately two-thirds of patients at 6, 12, and 24 months had a platelet count >150 3 10 9 /L. Very few patients had severe thrombocytopenia with a platelet count ,20 3 10 9 /L at the 3 time points (7%, 7%, and 4%, respectively) or ,10 3 10 9 /L (2%, 2%, and 1%, respectively).
Remission rates were calculated based on the 343 patients who had platelet counts recorded at all visits. The percentage of patients achieving a durable remission based on a platelet count >150 3 10 9 /L between 28 days and 6 months was 37% and between 6 and 12 months was 16%. At 12 months after diagnosis, 122 patients (36%) still had a platelet count ,150 3 10 9 /L, 29 (24%) of whom had achieved a platelet count >150 3 10 9 /L at 24 months. The analysis was also performed using a platelet count of >100 3 10 9 /L to define remission. Using this criterion, the percentage of patients achieving a durable remission between 28 days and 6 months was 32% and between 6 and 12 months was 21%. At 12 months after diagnosis, 96 patients (28%) still had a platelet count ,100 3 10 9 /L, 28 (29%) of whom had achieved a platelet count >100 3 10 9 /L at 24 months. Figure 3 shows comparative cumulative rates of remission over time (28 days to 24 months) in this group using platelet counts of both 150 3 10 9 /L and 100 3 10 9 /L.
Bleeding manifestations
There were no reports of intracranial hemorrhage in study patients.
At each time point, the most common site of bleeding was skin, followed by epistaxis.
The number of bleeding sites reported since the prior visit in relationship to severe thrombocytopenia is shown in Table 1 . There was, not surprisingly, an increased percentage of patients with severe thrombocytopenia, defined as a platelet count ,20 3 10 9 /L, compared with those with mild thrombocytopenia (20-150 3 10 9 /L) as the number of bleeding sites increased. The median platelet count at 6 months was 260 3 10 9 /L in children who reported no bleeding and 71 3 10 9 /L in children with at least 1 site of bleeding (P , .0001). At 12 and 24 months, these differences remained significant (237 3 10 9 /L vs 73 3 10 9 /L, P , .0001 and 254 3 10 9 /L vs 58 3 10 9 /L, P , .0001). We investigated the relationship between bleeding severity at diagnosis 7 and number of bleeding sites reported at 6, 12, and 24 months. In patients with a platelet count ,20 3 10 9 /L, there was no clear relationship between the 2 variables at 6 (n 5 49; Fisher exact test, P 5 .0650; exact trend, P 5 .0575) or 24 months (n 5 13; Fisher exact test, P 5 1.000; exact trend, P 5 .3357). A significant relationship was observed at 12 months (n 5 40; Fisher exact test, P 5 .0269; exact trend, P 5 .0383). There were 29 patients with no or mild bleeding at diagnosis who had follow-up at 12 months. Six (21%) reported no sites of bleeding between 6 and 12 months, 14 (48%) reported 1 site of bleeding during this time, 4 (14%) reported 2 sites of bleeding, and 5 (17%) reported >3 sites of bleeding. In addition, there were 11 patients with moderate or severe hemorrhage at diagnosis; between 6 and 12 months 1 patient (9%) reported no bleeding sites, 1 (9%) reported 1 site of bleeding, 5 (45%) reported 2 sites of bleeding, and 4 (36%) reported >3 sites of bleeding.
Management
Red blood cell transfusions were infrequent (10 total occurring in 7 children, 4 reported at the 6-month visit, 2 at the 12-month visit, and 4 at 24 months). Six of these 10 transfusions were associated with bleeding reported at .2 sites. Of the 4 transfusions that had bleeding at ,2 sites: 3 reported epistaxis and 1 had no bleeding reported. Platelet transfusions were uncommonly used (21 total, 12 reported at the 6-month visit, 4 at the 12-month visit, and 5 at 24 months). Twelve of these (57%) had bleeding reported at .2 sites. There were 177 reported hospitalizations, 94 patients (11%) at 6 months, 45 patients (6%) at 12 months, and 38 patients (10%) at 24 months. During the 24-month follow-up period, 10 patients underwent splenectomy, 5 (n 5 854) being reported at 6 months and 5 (n 5 716) at 12 months.
The most common platelet-enhancing therapies administered were similar among institutions and between 28 days and 6 months and included: steroids (17%) followed by IVIG (14%); between Table 2 describes treatment based on number of bleeding sites in children with a platelet count ,20 3 10 9 /L. There was a significant trend for increased treatment with increasing number of bleeding sites at 6 and 12 months. This trend was not seen at 24 months.
Discussion
We report here long-term prospective data regarding remission rates and bleeding severity in a large cohort of children with ITP. We determined that the majority of children eventually undergo remission despite a prolonged history of ITP. In addition, we demonstrated that the prevalence of severe thrombocytopenia, defined here as a platelet count ,20 3 10 9 /L, is low in children with persistent or chronic ITP and that major hemorrhage is infrequent during any phase of the disease. Furthermore, drug therapy is usually reserved for children with more severe bleeding.
The results of this investigation parallel findings from earlier studies. Although approximately one-third of children with ITP had persistent thrombocytopenia at 6 months, 16% of them achieved durable disease remission by 12 months, a figure slightly less than the 25% rate of platelet count ,150 3 10 9 /L identified in ICIS Registry I and other natural history studies. 1, 5, 12, 13 This finding may in part be ascribed to the strict definition of remission we used in this study. In addition, we excluded the 10 children who underwent splenectomy in order to capture only spontaneous remissions even /L on all subsequent follow-up visits without having undergone splenectomy. Data derived from the 343 patients who had platelet counts recorded at all 4 study visits beginning 28 days after diagnosis. Remission was defined as having a platelet count greater than the threshold on all subsequent follow-up visits without having undergone splenectomy. (18) 10 (20) 25 (12) 6 (35) 15 (12) $ 3 16 (26) 14 (5) 10 (20) 6 (3) 2 (12) 6 (5) *P , .05 for x 2 ; P , .05 test for trend. Over a quarter of children with ITP at 12 months subsequently underwent remission by 24 months from diagnosis. Although we cannot comment on the durability of remissions in this patient group, it does support the observation that some children will achieve remission even years following their diagnosis. These findings are consistent with the published 0.21 and 0.33 cumulative probabilities of remission at 12 and 24 months in children with chronic ITP.
2 They are also reflective of recently published data from a prospective Nordic cohort showing that children with persistent ITP at 6 months had remission rates of 15% by 12 months and 36% at 2 years.
14 Overall, applying a platelet count of 100 3 10 9 /L to define remission did not significantly impact remission rates ( Figure 3 ) and supports there being a group of patients that achieve a platelet count >100 3 10 9 /L and maintain that value without declining again. Interestingly, durable remission rates were higher using the higher threshold of 150 3 10 9 /L between 28 days and 6 months compared with the threshold of 100 3 10 9 /L. This corresponds to a large percentage of patients having a platelet count between 100 and 150 3 10 9 /L (Figure 2 ) at 28 days. This lower threshold may therefore not be adequate early in the course of the disease. Further work is necessary to validate these findings and determine whether the threshold based on adult data are applicable in pediatric patients.
These results highlight that even in ITP patients with a platelet count ,20 3 10 9 /L, life-threatening bleeding was rarely observed and approximately half of children with such severe thrombocytopenia had either no bleeding or hemorrhage at only 1 site even 24 months from diagnosis. Quite striking was that there were no reported episodes of intracranial hemorrhage, and few bleeding events were significant enough to require red blood cell transfusions, a criterion used by Bolton-Maggs and Moon to define severe hemorrhage. 10, 11 Children with a platelet count ,20 3 10 9 /L were more likely to experience a greater number of bleeding sites than children with higher platelet counts. Interestingly, however, the number of children reporting only 1 site of bleeding, usually skin, was fairly uniform between the 2 groups. This provides further evidence for the fact that severe thrombocytopenia may be permissive but is not sufficient for major hemorrhage to occur. This may also in part indicate the frequency of "normal" bleeding in children, regardless of the platelet count, such as bruising with activity or seasonal epistaxis. However, further site-specific data to characterize the nature of the reported bleeding was not collected in this study.
Ideally, from a clinical perspective, perhaps individual patients could be risk-stratified for future bleeding complications based on the degree of hemorrhage at presentation. We therefore compared severity of bleeding at diagnosis with hemorrhage documented at 6, 12, and 24 months. However, we were unable to identify a strong relationship partially due to infrequency of moderate or severe bleeding at diagnosis. Additionally, some patients with moderate or severe bleeding at diagnosis may have been more likely to receive therapy that would decrease risk of major bleeding or development of chronic ITP later on such as treatment with IVIG at diagnosis. 15 In this study, drug therapy was infrequently used in the absence of bleeding, irrespective of platelet count but was more likely to be administered to children with multiple bleeding sites. These data suggest a trend toward treatment being reserved for patients with more severe bleeding manifestations rather than because of a specific platelet count, consistent with recently published guidelines. 16, 17 This trend was not present at 24 months, however, perhaps because of small numbers of patients or because of a greater emphasis on other factors such as health-related quality of life at that point in time long after diagnosis. We did not collect specific data on treatments beyond corticosteroids, anti-D immunoglobulin, IVIG, splenectomy, local measures, and transfusions. Thus, it is possible that some study subjects received rituximab or additional immunosuppressive therapy not captured by the registry data. As the first report of children with ITP treated with rituximab was published in 2005, 18 some patients enrolled later in the registry might have received this agent. Conversely, some children received treatment despite having no reported bleeding sites, perhaps due to factors such as proximity to the medical center, parental anxiety, child activity level, and desire to participate in sports. 19 Because data were not collected on quality of life, it is difficult to comment on the rationale for such treatment in this group of patients.
We recognize that this analysis has limitations. Rates of thrombocytopenia at each chosen time point are likely influenced by follow-up patterns. Patients with a normal platelet count and/or no bleeding symptoms are less likely to continue to seek follow-up. Yet, this would be expected to bias the data toward an increase in the percentage of children at each time point with severe thrombocytopenia. The converse would be true if children who were lost to follow-up had severe bleeding events that were not recorded. Recent data from the UK registry suggest that children with clinically significant bleeding may not be necessarily captured by large registry-based studies. 20 Moreover, due to a lack of a validated retrospective bleeding severity instrument, data regarding hemorrhage events and their severity were not specifically captured beyond 28 days following diagnosis. 7 In the present analysis, we therefore applied the number of bleeding sites as a surrogate for bleeding severity. We felt this to be the preferred approach as the majority of children with bleeding at only 1 site experienced skin manifestations only, there were no reported episodes of intracerebral hemorrhage, and red blood cell transfusions were infrequent. It is possible, however, that some children are misclassified based on this strategy, for example the 3 episodes of epistaxis that were associated with a packed red blood cell transfusion. A limitation of this registry is the timing of bleeding events reported between study visits at 6, 12, and 24 months following diagnosis may not be related to the platelet count at the follow-up visit which could have been performed many months following the event. For example, a patient could have a bleeding event at 3 months yet the platelet count at that time might not be known or not next recorded until 6 months following diagnosis. Additionally, specific timing of drug therapy for bleeding events and the resultant platelet count was not known.
The ICIS Registry II data presented here provide follow-up data on an extremely large cohort of children with newly diagnosed ITP and confirm that ITP is a benign and self-limited condition for the 
